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Mercedes Benz-ene

e

|
o u(n) = @/Ne- (b/r):

e Hbond =Gaussian
e NPT Monte Carlo
o Nonpolar solute: ‘

K Silverstein, ADJ Haymet, K Dill, JACS 120: 3166-3175 (1998)
A Ben Naim, J. Chem. Phgs. 543682 (1971)
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Pressure Melts MB Ice
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Anomalous Prol:)erties of Water

V*/n

Thermal
Expansion

Isothermal
Compressibility
K

MB Model

0.16

0.20
T *

0.24

Experiments

-25

0

25
T(°C)

50

75

100

\%
(cm3 mol-1Y)

x x 104
cCY

Cp
(cal mol-1°C-1)

K x 106
(bar-1)



The Hyclrol:)hobic Etect

Thermal BC]’)BViOr O]C Nonpolar Transmcers




chlrophobicity:
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Hgdrophobic Heat Capacitg

Cold Water Hot Water

Solute Orders Water Solute Disorders Water
—TAS>>0 AH>> O



Orientational Preferences Decrease

with Temperature
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First-Shell Water Orientations
Depencl on Solute Size

0 60 0 60 O 60 O
Hydrogen Bond Angle (Degrees)

| =
01234 01234 01234 01234 01234
Number of Hydrogen Bonds

Fraction
0.06

0

Fraction
0.6




chlrophobic Solutes
Properties Ditfer: lLarge vs. Small
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Free Energg of Transter-
Mechanism Changes with Solute Size
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Small lons Order Water-.

Large lons Disorder Water-
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MDB + Dil:)ole Water Model

for lon Solvation

e
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Chaotrol:)es & Kosmotrol:)es

Theorg Experi ment
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Sr

1all lons Order Water

Electrostatic
Potential
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Small Cations & lLarge Anions




Water Around lons
Electrostatic Ordering Around Small lons




Water Around lons




Water Around lons

chlrophobic Orclering Around Large lons




Water Around lons

Electrostatic Orclering Around Small lons




Water Around lons




Water Around lons




The Hotmeister Series of lons

—Log (Relative Solubility)
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Hofmeister Effect:
chlrophobes Excluded from lon Shell




4 _State 3-Water (AS3W) Model

Cage”«: Dense Open

R F

U= —€yp + Uz - —€p uz-0




Partition Function

3
Acen = Zexp[—Bij]fffdxgddeQeXp[—ﬁuj]
=t

J:




Partition Function

Acen(T,p,N) = 2wd?c(T)N {910‘18_€HB/(kT) oy st/ (KT 9333}

Lo e e O

o = el-p(3V3d?/4)]/(kT)]
&, = el-P(2+V3)d?/(4kT)]

g3 = (KT/pd?)el-1+[p(2+/3)d?1/(4kT)}

u=-(kT/N)InA v(T,P) = —(0u/op)y




Anomalous Thermoclgnamics of Water

Theorg Experiments
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Phase Diagram of Water
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A Phase Transition in
Sul:)ercoolecl Water
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PG DeBenedetti, Metastable Liquids, Concepts and Principles, 1996



Supercool Transition:
Melting Cages to Dense Liquicl
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